Introduction
Throughout the world, traffic volumes have increased markedly in the past two decades (United Nations 1992) and the increasing area occupied by recently constructed roads is affecting wildlife populations in the EU from 1990 to 1998 circa 33.000 ha of landscape (10ha daily) have been used and occupied for transportation infrastructure development purposes. The average surface of undisturbed (by transportation infrastructure) continuous landscape ranges from 20 km2 in Belgium to 600 km2 in Finland with an EU average of 130 km2 (ΕΕΑ, 2001) . For many mammal populations, the main demonstrated impact of roads to date has been in terms of increased disturbance or mortality. Avoidance of otherwise suitable habitats in close proximity to roads has been shown to occur for brown bears (Ursus arctos) and wolves (Canis lupus) in the U.S.A. (McLellan and Shackleton 1988 , Mace et al. 1996 , Mech et al. 1988 . For some mammal species, roads have been shown to act also as a considerable barrier to dispersal (Mader 1984) . Roads can therefore have a significant effect in fragmenting wildlife populations and eventually lead them to local extinction (Fahrig and Merriam 1994) . Increased awareness of environmental problems caused by infrastructure construction has moved engineers, ecologists and policy makers to develop planning concepts to deal with the impacts on nature and landscape. If avoidance of a certain project is not feasible, mitigation measures can be undertaken as a second planning concept. In this general context of invasive roading and large scale transportation infrastructure development Greece has not "escaped". The "Egnatia" highway project of modern times was planned to connect the western part of the country with the eastern and serve as a trade route between the EU, through Italy and Greece, and the Orient. With funds allocated by the EU (Cohesion Funds) and the Hellenic Government, the modern Egnatia, only partly follows the route of its predecessor "Via Egnatia" from the Roman times (as of Rome's first With only 290-350 bears remaining in Greece and the expected detrimental impact of the highway on natural habitats, bear population structure and movement patterns of the NE Pindus brown bear sub-population the NGO's were alerted and made several notifications to the competent authorities. In the very beginning hardly any mitigation measures were foreseen along the 37 km most critical highway stretch cutting through core brown bear habitat with a bear indigenous population estimated approximately at 80 ind . It is only after NGO's strong pressure that the revised highway EIA study finally incorporated the construction of a number of additional mitigation measures such as: tunnels, wildlife underpasses, green bridge and viaducts that are expected to prevent serious habitat fragmentation and population disruption of the indigenous large mammal species. Additional mitigation measures included a ban on hunting in a 2+2 km corridor along the highway, the construction of noise barriers, adequate fencing and the appropriate ecological landscaping of areas affected by the construction of the highway. It is important to note that the above measures were taken only after a Council of the State verdict issued in 1997 and postulating the least environmentally costly alignment of this highway stretch (regarding especially bear populations and habitat), obliging EGNATIA ODOS A.E. (the construction supervisor) to carry out a revised EIA study for this most compromising (for the brown bear) 37km highway stretch and to incorporate additional mitigation measures such as: 13 tunnels (8.85 km), 11 bridges (2.64 km), 1-2 green bridges and 5 -9 wildlife underpasses, thus mitigating about 31% of the 37km highway stretch. (photo 4.)
Photo 4. Partial view of the mitigated Egnatia Highway
Moreover in compliance to the relevant articles of the relevant EIA study, a special monitoring and research project was set-up and launched in 3 phases and in cooperation www.intechopen.com between the highway construction supervisor (EGNATIA ODOS A.E.) and specialized NGO's. The aim of this project was to monitor and assess the highway's impact on big mammals and their habitats prior and during highway construction as well as during highway operation. In compliance with the Joint Ministerial Decision for the 37km stretch Panagia -Grevena (4.1) of the Egnatia highway, the two phases (2003) (2004) (2005) (2006) (2007) (2008) (2009) ) of the project were carried out in cooperation with three NGO's ("Arcturos", "Callisto" & Hellenic Ornithological Society) and two Universities (Aristotle University of Thessaloniki and University of Thessaly, comprising 4 Faculty departments). The two phases of the project were co-financed by the EGNATIA ODOS S.A. and the E.U. (DGREGIO). Implementation of the third phase is still on paper.It is worth mentioning that the implementation of this project was an integrated part of the environmental terms and provisions of the revised EIA study, the ex-ante part being of outstanding importance. The aim of the overall project was to evaluate the status of brown bear and wolf populations in the study area prior to and during the planned construction of the 37 km Egnatia highway stretch. The final objective of the project was a comparative evaluation of the effectiveness of the mitigations measures versus the status and ecological requirements of the targeted species in the study area. The required multilevel approach of this project encompassed several disciplines such as: Genetics, Ecology, Forestry, Wildlife management, provided by the aforementioned parties. The main objectives of the study were to investigate behavioral changes of the brown bears in response to the road as a disturbance factor in terms of :
• Potential changes in habitat use range • Potential differences in movement distance (mean and max)
• Potential differences in movement patterns
• Habitat suitability conditions and status in relation to bear presence and activity. 
Materials and methods

Telemetry protocol
Over a three 3 year bear monitoring period (2007) (2008) (2009) ) during the project's second phase, field work has focused on satellite telemetry combined to systematic collection of bear signs of presence and activity. An additional monitoring protocol was developed using thermosensitive, IR and conventional pre-programmed video and photo cameras. In total twenty two (22) adult and sub-adult brown bears have been fitted with GPS/GSM radiocollars: eighteen (15) males and seven (7) females. Bears were trapped from April to mid May and from September to mid-October in 2007 and 2008 within a buffer zone of 10 kilometres along the Egnatia Highway stretch 4.1 (routing from "Grevena to Metsovo"). We captured bears using Aldrich foot snares (Johnson and Pelton 1980) and immobilized bears with a zolazepam-tiletamine /medetomidine combination and reversed with atipamezole (Riegler et al. 2009 ). Body measurements were recorded and a premolar was extracted to determine bear age (Stoneberg and Jonkel 1966) .
Bears were fitted with Televilt/Followit Simplex, Tellus, Tellus GSM and Tensyx GPS collars with remote drop-offs. GPS collars were fitted with devices such as VHF transmitter, mortality -activity sensors and were programmed to record a location every 60 minutes. During the denning period we programmed each GPS-receiver to obtain a location fix twice a day. For Simplex and Tellus collars data were remotely downloaded from the ground four times monthly using a RX-900 Receiver (Televilt TVP Positioning AB, Lindesberg, Sweden). Tellus/GPS-GSM collars worked via cell phone coverage and data were downloaded through internet every 8 hours via Televilt-Followit server.
Home range size
We calculated home ranges with Arc View 3.2.a and the Home Range Extension (A. R. Rodgers and A. P. Carr, Ontario Ministry of Natural Resources) using the minimum convex polygon (100%MCP), 95%MCP, Fixed Kernel method and 50% contours of activity for core areas (areas of high intensity of use). The 100% MCP estimates were used to facilitate comparisons between studies and regions. Fixed Kernel Method range analysis was performed because, in addition to estimating range size, it reveals range use patterns, using a smoothing factor determined by least squares cross validation (LSCV) (Seaman and Powell 1996) . We ignored autocorrelation within the data because the data continued to exhibit a high degree of dependence even when using extended fix intervals (24 hr; e.g., Reynolds and Laundre´ 1990 , Rooney et al. 1998 , De Solla et al. 1999 . We tested collars GPS accuracy in the field and the mean error was 30m (Giannakopoulos et al. 2010) . Data gathered from the aforementioned methods were mainly used to identify bear presence as well as bear movements patterns and spatial behavior versus the highway alignment and especially in correlation to two main factors: -the disturbance related to the construction phase -the location of the different mitigation measures
Habitat use -movement distances -movement patterns -habitat suitability
More specifically data analyses were used in order to test whether the highway construction phase affected: (a) the dispersal ability, (b) preferences on habitat use and (c) distributional patterns of the species.
To estimate potential changes in habitat use range we estimated home range polygons (95% Kernel core area ). Additionally group home range estimates were based on home range size. We also calculated min distance of polygons from road using t-test and ANOVAs. Data were organized and grouped according to the sex of the individuals and the seasons. Adequate data to perform statistical analyses were found for males in spring and summer and for females in summer. The analysis was repeated for males and females and for data collected at different seasons To estimate potential changes in movement distances we analyzed day and night movement distances but also home ranges of each individual (estimated by using Kernel based methods) to examine whether the distance from the highway is an important indicator of the quality or quantity of brown bears activity levels. Mean and maximum moving distances according to the time of activity and distance from the highway were examined as well as variations in mean direction with respect to the distance from highway (angular analysis of point patterns). We used ANOVAs and the analysis was repeated for males and females and for data collected on daytime or at night.
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To estimate potential changes in movement patterns angular analysis of point patterns (changes in mean direction with respect to the distance from road) was performed according to the following protocol: -we used point records to describe movement patterns -we grouped moment pattern data into 4 categories in relation to distance from the highway (0-2000m, 2000-4000m, 4000-6000m & >6000m) -we used circular stats (Rayleigh's Mean Direction test) to test differences in direction To assess habitat suitability in relation to bear presence and prediction of use of a certain point (or area) of the HR, we used a series of digital sources to derive potential predictor variables (land use, topographical, vegetation) . In addition, 17 variables were calculated by using neighbourhood statistics techniques. The significance of distance from highway and of the former predictor variables upon species distribution and habitat use were assessed by using Generalized Linear Models (GLM), Logistic Regression (LR) and Regression and Classification Trees (CART). Relative abundance -(Generalised Linear Models) (Naves et. al., 2003 , Wiegandet al., 2004 , Nielsen et al., 2006 . For each bear habitat pixel we calculated the following parameters using neighbourhood statistics:
• Average altitude within a 5 pixels radius from the central pixel. This variable allows to characterize the altitude of the central pixel based not only on its proper value but also on the values of the neighboring pixels as for the pixel selection by a bear depends also on its accessibility which is related to the altitudinal variation (ruggedness).
• Average altitude within a 20 pixels radius from the central pixel.
• Altitude coefficient of variance within a radius of 5 pixels from the central pixel. This variable allows the quantification of altitude variance in a wider area.
• Altitudes range within a 5 pixel radius from the central pixel. This variable examines the max and min altitude differences in an area and functions as an indicator of selection or avoidance of movement in the given area.
• Average slope value within a 5 pixels radius from the central pixel.
• Coefficient of variance of the average slope value within a 5 pixels radius from the central pixel.
• Coefficient of variance of the average slope value within a 25 pixels radius from the central pixel.
• Slope range values within a 5 pixels range from the central pixel.
• Slope range values within a 15 pixels range from the central pixel.
• Slope range values within a 25 pixels range from the central pixel.
• Vegetation types variability index within a 5 pixels radius from the central pixel. Vegetation types variability was calculated after Shannon's (H) index as follows:
Where: Η the Shannon's index value -p i : is the relative abundance of each vegetation type, which is calculated from the percentage of occurrence of the characteristics of a given vegetation type compared to overall vegetation characteristics within in the same pixel. -S the number of vegetation types.
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• Shannon (vegetation) diversity index within a 10 pixels radius from the central pixel.
• Shannon (vegetation) diversity index within a 5 pixels radius from the central pixel.
• Number of different vegetation types within a 5 pixels radius from the central pixel.
• Number of different vegetation types within a 10 pixels radius from the central pixel.
• (%) of contribution of the dominant vegetation type over the total number of recorded vegetation types within 5 and 10 pixels radius from the central pixel.
• (%) of contribution of 2 nd and 3 rd rank vegetation type over the total number of recorded vegetation types within 5 and 10 pixels radius from the central pixel. Bear telemetry data sets were incorporated on these pixel maps. For each map pixel with a bear radiolocation we extracted all relevant information related to topographic and vegetation characteristics, distances from the highway and the values of all neighborhood statistics variables as described above. It is important to note that in a random pixel of the study area there may be more than one radiolocation indicating bear presence. This may be attributed to selection and repetitive use (by one or more bears) of a given pixel due to its specific attributes and characteristics. Therefore it is interesting to investigate the effect of pixels attributes upon the probability of their use by bears (preference/avoidance) but also the frequency of their use. For this we have developed prediction models focusing on various characteristics related to spatial behavior and presence of bears, according to two main approaches:
• To what extent the selected variables allow prediction of abundance of bear presence in given areas. This allows to identify which variables contribute most in the selection of most frequently used/visited habitat units by bears.
• prediction models emphasized only on the presence or absence of bears in each pixel without taking into account the frequency of use (stationary of transitional) of each pixel. For the first approach we used General Linear Models (GLM) which allow the development of linear relations between the dependent variable and a group of categorized or qualitative factors but also with continuous variables (covariates) through specific operational connection functions (Quinn and Keough, 2002) . These models allow a non-normal distribution of the dependent variable. We used Pearson's correlation coefficient to investigate the correlation degree between all variables. In total 15 variables were kept in our analysis. Their utility to predict abundance of bear presence over the study area was examined. Of them, two (vegetation types and aspect) were introduced in the model as "factors" and the rest as "covariates" (continuous numeric variables). The possibility of implementation of those models and their prediction efficiency in bear presence abundance and habitat pixels use according to the explanatory variables, was evaluated following different statistical tests such as: likelihood-ratio chi-square test, Deviance, Pearson Chi-Square statistics (Quinn and Keough, 2002) . For the second approach we developed a Logistic Regression model (LR) which is only applied in the case of binary data (presence/absence). We used a logic function to interrelate the key variable (presence and bear activity) with the group of descriptive variables. We performed a group of diagnostic tests such as Hosmer-Lemeshow goodness-of-fit statistic, improvement of chi-square test in order to examine the suitability and efficiency of the model as a predictor tool for bear presence or absence in a given pixel of the study area. Additionally we developed Classification Trees (CT) by using bear presence and absence as the dependent variable and we examined probable classification rules for the explanatory www.intechopen.com (descriptive variables). Here again we performed a group of diagnostic tests in order to examine the efficiency of the produced rules from the aforementioned analysis. This type of analysis is based on artificial intelligence methods (machine learning techniques principle) (Vayssieres . . 2000 , De'ath & Fabricius 2000 , Thuiller . . 2003 , Mazaris . . 2006 .
Results
Telemetry data from the twenty two (22) radio-collared bears of the sample have yielded up to 42,849 GPS radiolocations. Part of the sampled radiolocations in relation to the highway alignment and the highway buffer corridor and the study area are shown on map 3.
Map 3. Radiolocations of seven (7) different bears from the sample in the study area
Home range
The annual average MCP100 home range of all bears of the sample was 213,77 ± 35,8 (SE) and ranged from 58,13 -362,12 Km 2 (Table 1 ). The mean MCP100 for males (n=5) was 271.075 Km 2 ± 26.12 and for females (n=3) 118.245 Km 2 ± 48.85. The male annual home-ranges were significantly larger than female using also the other three estimating methods: 95%MCP, Fixed Kernel Method 95% and Core Areas 50% (Mann-Whitney U test: Z=−-2,236, P=0.025). Home range sizes of males (n=5) In addition we found that the bears (2 males and 2 females) who kept collars more than one year seemed to maintain the same territories. Moreover the spatial patterns and distribution of home ranges between males and females were delineated in most of the cases by natural barriers and landmarks such as rivers, big streams, county roads and in some cases according with the topographic complexity (Giannakopoulos et al. subm.). 
Potential changes in habitat use amplitude and range
Regarding the potential changes in habitat use amplitude and range (surface units) in relation to the distance from the highway, the results of our analysis demonstrated that the size of the habitat units (within spring and summer male bears home range) significantly increased with the distance from the highway while their number (of used habitat units) decreased as the distance from highway increased. The differences between the number of habitat units and their size (surface) used inside the home range in relation to distance from the highway were statistically significant in all cases of males bears in spring and summer (spring: F=5.419, P<0.01; summer: F=6.52, P<0.01) and for females in summer (F=18.735; P<0.01). An example of this differentiation is given on fig.1 in the case of the male bears of the sample. More specifically in the case of all male individuals of the sample the number of used habitat units (perceived through clustered radiolocations) is significantly higher as their surface size decreases and subsequently their distance from the highway decreases as well (spring: x 2 =96.63, P<0.01; summer: x 2 = 20.204, P<0.01). This means that larger ranges in surface and limited distinct ranges (in clustered radiolocations) were observed as the distance from the highway increases.
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Potential differences in movement distance and patterns
Regarding potential differences in movement distance and patterns: we found no statistically significant differences in dispersal patterns of bears with respect to the time (hourdaytime/night time) of activity and/or distance from the highway. Analyses showed no statistically significant differences between the maximum and minimum distances travelled by male and female individuals during the day or night (in most of the cases up to P>0.05) in relation to the distance from the highway. Nevertheless significant differences were observed in specific cases when bears movements were studied individually and seasonally but even in these cases there was not enough evidence of a specific pattern regarding spatial behavior of the bears versus the distance of the highway. No significant differences were observed between the average and maximum distances travelled by bears in relation to their distances from the highway under construction. Similarly, we found only limited evidence to support an effect of the highway upon bears movement angles when approaching the highway corridor.
Habitat suitability
Regarding habitat suitability analyses in relation to bear presence and habitat use: distance from highway was recognized as one of the statistically significant variables affecting both Table 3 . General Linear Models parameters as predictors of bear abundance in relation to the presence of the highway For P values < 0.01, the related variables are considered to effectively contribute in the prediction model. We notice that vegetation types, altitude and aspect are recognized as important variables for the prediction of areas (habitat units) with more abundant/frequent bear presence and use. We also notice that the slope variance in neighbouring pixels also plays a role in the spatial distribution of the signs of presence. As stated above distance from the highway is the key variable with high statistical value in the model thus influencing site selection by bears. The negative value of the related coefficient indicates that the number of the most frequent bear occurrences in specific sites increases as the distance from the highway decreases. Our analysis showed that there are no specific habitat parameters close to the highway corridor that hinder bears movements. Bears utilize the same habitat types within the overall landscape but move in a much more "conservative" pattern (in terms of duration and habitat surface used) when found in proximity of the highway corridor. The second analysis regarding presence/ absence data (by means of LR & CART-predictive accuracy of models which was high) demonstrated a series of topographical and vegetation characteristics (habitat features) as important predictors for bear presence or absence. Here again distance from highway was recognized, as mentioned above, as one of the critical factors affecting the presence of an animal in a given point (pixel) of its home range. According to table (4) we may notice that a group of variables remains effective in the model for the prediction of bear presence in pixels with specific characteristics. We once again notice the importance of "altitude" and "slope" and their range of variations as prediction indicators. It comes out that the combination of landscape ruggedness with the characteristics of certain vegetation types and the distance from the highway influence selection or avoidance by bears of a given pixel (habitat unit). The negative sign of variable "distance from highway" indicates that presence or absence of bears decreases as distance from the highway increases. In a recent study by Roever et al. (2008) it was found that grizzlies showed a relatively high frequency of occurrence in areas nearby forest roads despite the relatively high mortality probability rate in these areas (also McLellan, 1998 , Benn and Herrero, 2002 , Johnson . ., 2004 Nielsen . ., 2004 . But this phenomenon might also be related to other parameters such as:
) the type of data used in the analysis ) a possible adaptive "shift" in bears behavior. In our case we may have two possible explanations:
1. the topography of our study area allows bears to approach and use sectors in the immediate vicinity of the highway under construction in order to move towards other important sectors such as denning areas, high food availability areas etc. We have to bear in mind that this is a fraction of the whole picture, as at a wider scale (including our study areas) there might be bears avoiding completely the highway sector or moving at longer distances. 2. More frequent bear occurrence and use of pixels in the vicinity of the highway maybe related to the fact that bears do valorize small surface habitat units due to the fact that they still remain attractive. It is also likely that bears are waiting for the appropriate moment to cross the highway and therefore are attempting to locate more appropriate crossing points. (Mace . ., 1996) . The highway as an artificial barrier is a stress factor and is likely to induce a certain modification in bears spatial behavior exposing a limitation of movements combined to an opportunistic mobility related to the most favorable low disturbance conditions. The CRT analysis showed also that the variable "distance from highway" was used to separate two central "branches" of the classification tree in the early analysis stages. Two differentiated branches are defined according to a limit value of 4.996 m of distance from the highway. When this distance is <4.996 m then a combination of topographic characteristics in relation to high slope values and medium altitude values are characterizing the pixels used by bears. In the second case d > 4.996 m, vegetation types but also certain combinations of topographic characteristics define the habitat use patterns in each pixel. It also came out from this analysis that pixels at a distance > 8.434m have lower use frequencies by the sampled bears.
Conclusions-discussion
A general conclusion would be that the presence of the highway under construction and the distance from it in relation to bear presence, abundance and activity is an interrelated and dynamic system in which telemetry is the most appropriate technique to approach and understand it. The following behavioral patterns in relation to bear activity, movements and habitat use have been identified:
• High in number and small surfaced clusters of bear activity and movements appear when the animals are located at close distance from the highway, whereas less clusters in number and on larger surfaces appear when the animals are located at a longer distance from the highway.
• This differentiation which in the first case appears fragmented in time and space and in the second case continuous and more expanded maybe related to the disturbance factor of the highway under construction upon bears activity and spatial behavior or in a more pronounced habitat fragmentation problem close to the highway due to its degradation because of the construction woks.
• For male individuals which yielded a larger data set, we have observed that the number of activity and habitat use clusters increases with the fragmentation degree of the larger zones of used habitat. Therefore we may conclude that it is not some different habitat features that hinder bear habitat use when close to the highway but more the fact of a quantitative and qualitative reduction and fragmentation of the habitat units in most probably relation to highway construction.
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• Distance from the highway does not seem to influence independently bear habitat selection activity and abundance (presence/absence), but co-acts in synergy with other habitat characteristics.
• Findings from all three models agree on the importance of the "distance from the highway" as a critical variable for the prediction of bears spatial behavior in relation to the highway. Therefore the new highway represents a critical parameter that significantly affects distribution, habitat use, movement selection and frequency of occurrences of brown bears.
• The frequent presence of brown bears within the vicinity of the road network highlights the need for direct and effective protection measures in the area. (i.e adequate and appropriate fencing). Considering previous results we suggest that animal (bear) activity is not reduced but rather qualitatively affected by the existence of the highway. Overall we suggest that the new highway functions as a critical landscape parameter (barrier) that seems to significantly affect distribution, habitat use, movement patterns and frequency of occurrences of brown bears. The results of our study will essentially contribute in further adjustment of mitigation measures along the highway as well as in close monitoring of their efficiency during highway operation in the critical areas.
